T HE REEMERGENCE OF PANdemic influenza has been anticipated since the Hong Kong (H3N2) influenza pandemic of 1968. In recent years, there has been substantial concern that a pandemic would involve the novel H5N1 avian flu variant, which has demonstrated an ability to cause severe disease when transmitted to humans. 1, 2 However, this spring the US Centers for Disease Control and Prevention reported the occurrence of a 2009 influenza A(H1N1) in 2 children in southern California. 3 Subsequently, infection with this virus has been reported in virtually every country. [4] [5] [6] [7] The World Health Organization declared the first phase 6 global influenza pandemic of the century on June 11, 2009.
The largest numbers of confirmed cases have been documented in the United States, Mexico, Canada, Chile, and Australia. 9 Mexico and Canada have both experienced large localized outbreaks of infection with severe illness requiring intensive care unit (ICU) admission and ventilator support. This report describes the epidemiological characteristics, clinical features, treatments, and outcomes of a multicenter cohort of critically ill adult and pediatric Canadian patients.
METHODS

Study Design
In response to an outbreak of 2009 influenzaA(H1N1)inMexico,membersofthe Canadian Critical Care Trials Group (CCCTG) designed a multicenter observational study of critically ill patients infected with 2009 influenza A(H1N1) (eAppendix is available at http://www .jama.com). After several cycles of feedback and pilot testing, forms were widely disseminated to ICU physicians, and uploaded to the CCCTG and other critical care society Web sites on May 3, 2009. 10 Data were collected retrospectively or prospectively on all patients with 2009 influenza A(H1N1)-related critical illness admitted to the ICU between April 16 and August 12, 2009. Research ethics board approval was granted by Sunnybrook Health Sciences Centre as the central coordinating center on April 30, 2009 , and by each participating local research ethics board. The need for a priori informed consent was waived because of the noninterventional study design.
Data Collection
Eligiblepatientsincludedalladultandpediatric critically ill individuals admitted to participating hospitals in Canada with confirmed, probable, or suspected 2009 influenza A(H1N1) infection, according tocasedefinitionsdevelopedbytheWorld Health Organization and the Canadian National Microbiology Laboratory. 10, 11 Critically ill patients were defined as (1) those admitted to a pediatric or adult ICU or those requiring mechanical ventilation (invasive or noninvasive), (2) those with a fraction of inspired oxygen Comorbidities, including major comorbidities defined a priori, were recorded as the presence of 1 or more of the following chronic medical conditions: congestive heart failure; cerebrovascular, neoplastic, chronic liver or renal diseases; and useofimmunosuppressantmedications. 14 The primary outcome measure was mortality at 28 days after the onset of critical illness as defined by the eligibility criteria. Secondary outcomes included frequency and duration of mechanical ventilation and duration of ICU and hospital stay. Data were submitted to the coordinating center and checked for errors by manual inspection and electronic range limits.
Analysis
Descriptive statistics included frequency analysis(percentages)forcategoricalvariables and means and standard deviations or medians and interquartile ranges (IQRs) for continuous variables. To test for differences in baseline characteristics between those with confirmed or probableandthosewithsuspecteddisease,and those who survived vs those who died, a 2-sample t test or the Wilcoxon rank sum test was used for continuous variables as appropriate and the 2 test or Fisherexacttestwasusedfordiscretevariables.Dailyvariablesarepresentedatdays 1, 3, 7, and 14.
The Kaplan-Meier method in which patients discharged from the ICU alive were censored at 28 days was used to depict the probability of survival over the duration of follow-up and to generate survival curves. The discriminative ability of the day 1 APACHE II and SOFA scores on mortality were compared by testing the difference in C statistics (area under the receiver operating curve). The 95% confidence intervals (CIs) and P values were reported to reflect a 2-tailed ␣ level of .05. The statistical analyses were conducted using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Characteristics of Study Patients and Hospitals
Between April 16 and July 13, 2009 .4) years; 113 patients were female (67.3%), 50 were children (29.8%), and there were 43 aboriginal Canadians (25.6%). There were 52 criticallyillpatientsfromthegreaterWinnipegregion,intheprovinceofManitoba, and 116 patients were from other provinces(FIGURE1). Sixteen cases originated from nosocomial transmission; none of these were health care workers.
Among adults, the mean (SD) APACHE II score was 19.7 (8.7); and among pediatric patients, the mean (SD) PRISM III score was 9.1 (9.8). At presentation, comorbidities were present in 165 patients (98.2%) (TABLE 2). However, major comorbidities were present in only 51 patients (30.4%). The most common individual comorbidities were chronic lung disease (41.1%), obesity (33.3%), hypertension (24.4%), and ever smoking (22.6%). The mean (SD) body mass index (BMI; calculated as weight in kilograms divided by height in me- 
Course of Illness and Treatments Received
The median time from symptom onset to hospital admission was 4 days (IQR, 2-7 days) [2] [3] [4] [5] [6] [7] and from hospitalization to ICU admission was 1 day (IQR, 0-2 days) after presentation to the hospital. Only 10 patients (6%) had received a seasonal influenza vaccination in either of the past 2 years. Most patients (70.8%) had bilateral chest radiograph infiltrates (41.1% with 4-quadrant involvement) and 72.6% had acute lung injury at the onset of critical illness.
Of all patients, 136 (81.0%) were mechanically ventilated on the first day of ICU admission; 128 (76.2%) invasively and 55 (32.7%) noninvasively. Forty-seven patients (85.4%) who received noninvasive ventilation ultimately required invasive ventilation. The mean (SD) day 1 ratio of PaO 2 to FIO 2 was 147 (128) mm Hg (TABLE 3) ; the mean (SD) day 1 FIO 2 value was 74% (26%) and the mean (SD) day 1 positive end-expiratory pressure (PEEP) was 9.8 (4.0) cm H 2 O (eTable is available at http://www.jama.com).
The mean daily PEEP was greater than 10 cm H 2 O for the first 2 weeks of mechanical ventilation. Over the first 2 weeks of critical illness, tidal volumes ranged from 8 to 9.1 mL/kg of ideal body weight; and carbon dioxide elimination was not substantially impaired. Barotrauma occurred in 14 patients (8.3%). Therapies for oxygenation failure included neuromuscular blockade (47 patients; 28.0%), inhaled nitric oxide (23 patients; 13.7%), high-frequency oscillatory ventilation (20 patients; 11.9%), extracorporeal membrane oxygenation (7 patients; 4.2%), and prone positioning ventilation (5 patients; 3.0%) (eTable).
Inotropes or vasopressors were used in 55 patients (32.7%) on day 1 after the onset of critical illness (Table 3) , often with high levels of sedatives to facilitate patient-ventilator synchrony. Drug treatments included neuraminidase inhibitors (152 patients [90.5%] for a median of 5 days [4] [5] [6] [7] [8] ), antibiotics (166 patients; 98.8%), and corticosteroids (85 patients; 50.6%).
Creatine kinase was moderately elevated over the first week of critical illness (median level, 580 U/L [IQR, 203-1728 U/L] by day 3; to convert creatine kinase to µkat/L, multiply by 0.0167) ( Table 3 ). The mean leukocyte count was normal at admission and remained in the normal range for the first week. FIGURE 2 ). Twenty- [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ; 12 days for survivors [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] and 10 days for nonsurvivors. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The median duration of ventilation was 12 days (IQR, 6-20 days) for both survivors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and nonsurvivors. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] One patient died on a medical ward, while all others died in the ICU.
The primary reported causes of death included severe acute respiratory distress syndrome and hypoxemia, or complications thereof 5 ; secondary infection and sepsis 6 ; multiorgan dysfunction syndrome, 2 malignancy, 2 chronic obstructive pulmonary disease, 1 primary cardiac arrest 1 ; tension pneumothorax, 1 cerebral edema 1 ; and undetermined etiologies. Pulmonary embolism was believed to be contributory but not causal in 1 death.
Comparison of Survivors With Nonsurvivors
Patients who died were more likely to have higher severity of illness at presentation and greater organ dysfunction (TABLE 5) . Although this overall population was young, older patients were more likely to die. There were no statistically significant differences in female sex distribution or aboriginal vs nonaboriginal status. The APACHE II and day 1 SOFA scores were significantly associated with overall mortality (P<.001 and P=.002, respectively) and there was no difference between the predictive value of these 2 scores (C statistics: 0.757 and 0.688, respectively; P = .13). Because nearly all patients received early treatment with neuraminidase inhibitors, we were unable to investigate differences in outcome due to treatment or timing of these agents (FIGURE 3).
Comparison of All Patients
As of August 22, 2009 , in the general Canadian population, among 7107 reported cases, 1441 required hospitalization (20.3%), 278 were admitted to the ICU (3.9%) (the 215 admitted by July 13, 2009 , are reported in this series). 15 In comparing characteristics of all patients infected with 2009 influenza A(H1N1) infection, patients hospitalized, those admitted to the ICU, and those who died, the median age of patients was progressively greater along this continuum and there was a progressively greater proportion of patients with at least 1 underlying medical condition. The proportion of females was greater among those admitted to the ICU and among those who died compared with those infected and those admitted to hospital. There were a greater proportion of pregnant women requiring admission to the hospital and who died compared with the proportion among all of those infected.
15
COMMENT
The spring outbreak of 2009 influenza A(H1N1) infection in Canada affected primarily young, female, and aboriginal patients without major comorbidities, and conferred a 28-day mortality of 14.3% among critically ill patients. A history of lung disease or smoking, obesity, hypertension, and 
Deaths (n = 29)
Intervals on the x-axis are equal to the lower limit and less than the upper limit of that age category. diabetes were the most common comorbidities. Critical illness occurred rapidly after hospital admission and was associated with severe oxygenation failure, a requirement for prolonged mechanical ventilation, and the frequent use of rescue therapies.
We identified unusual features of severe disease in the current pandemic compared with most previous wellcharacterized pandemics, including the (probable) H2N2 1890 Russian influenza pandemic, the H2N2 1957 Asian influenza pandemic, and the H3N2 1968 Hong Kong pandemic. [16] [17] [18] In these previous influenza pandemics, an increased predilection for infection among children and young adults has been documented, 9, 19 although mortality curves were U shaped with increased deaths in the very young and the aged.
Our data suggest that severe disease and mortality in the current outbreak is concentrated in relatively healthy adolescents and adults between the ages of 10 and 60 years, a pattern reminiscent of the W-shaped curve previously seen only during the 1918 H1N1 Spanish pandemic. [20] [21] [22] Few patients older than 60 years in this study were admitted to the ICU (Figure 1) . A potential biological basis for this observation is that patients in this age group have a cross-reactive antibody to 2009 influenza A(H1N1) at much higher rates than younger patients. 23 The increased fraction of the aboriginal community presenting with severe 2009 influenza A(H1N1) infection is notable but not unique. This finding is reflected in the history of the 1918 H1N1 Spanish influenza pandemic during which mortality in aboriginal communities in North America (3%-9%) was many times higher than nonaboriginal communities (generally Ͻ0.75%).
24-29
In 1918, mortality within Alaskan and Labrador Inuit populations was 30% to 90%. 24, 28, 29 Although mortality was not substantially greater among aboriginal Canadians in this report, the number of patients with severe disease and knowledge of prior illness patterns in this community is cause for concern.
The tendency of females to develop severe 2009 influenza A(H1N1) infection in this series is striking. A general female susceptibility has not been observed in other influenza case series of variable severity including the initial reports of 2009 influenza A(H1N1) infections. 30, 31 In most infectious diseases and related conditions such as sepsis and septic shock, males represent a larger proportion of cases and have a higher mortality. 32, 33 The explanation for increased risk of severe disease and death among females in this report is unclear but the role of pregnancy as a risk factor has been noted in previous influenza pandemics. 34, 35 The most common comorbidities among critically ill patients in our study were lung disease, obesity, hypertension, and a history of smoking or diabetes, each occurring in 30% to 40% of patients. All these conditions are known to be increased in frequency in the aboriginal population that comprises a substantial portion of cases within this cohort. 36 The extent to which these comorbidities contribute to severity of disease is unclear because a large portion of the aboriginal population (which may be a risk factor itself on the basis of genetic susceptibility) often have such comorbidities.
Among critically ill patients, obesity has been shown to be a risk factor for increased morbidity, but not consistently with mortality.
37, 38 The association of obesity with severe 2009 influenza A(H1N1) infection has been reported by others 39 and may be a novel finding of this pandemic; however, even though obesity was more common in our series than in the general Canadian population (33% vs approximately 24%), we did not find a significant difference in BMI between survivors and nonsurvivors. 40 Critically ill patients with diabetes and hyperglycemia also are known to be at increased risk of complications and death; similarly, alcohol abuse, which is known to be a risk factor for acute respiratory distress syndrome, may have been a risk factor some patients in our series. 41 These relationships also have been reported with seasonal influenza. 42 The relative absence of serious comorbidities emphasizes that young, relatively healthy adults were the primary population affected by severe 2009 influenza A(H1N1) infection during this outbreak.
Patients with 2009 influenza A(H1N1) infection-related critical illness experienced symptoms for an average of 4 days prior to hospital presentation, but rapidly worsened and required care in the ICU within 1 to 2 days. Apart from the usual symptoms seen in seasonal influenza, these cases stand out for the presence of gastrointestinal tract symptoms, dyspnea, purulent sputum production, and occasional frothy lung fluid on cough or endotracheal aspiration. Chest radiographs demonstrating bilateral mixed interstitial or alveolar infiltrates were found in three-quarters of the patients.
Approximately one-third of patients required vasopressor support on day 1 following ICU admission; however, in many cases this appeared temporally associated with the need for substantial sedation to optimize ventilation. Broad-spectrum antibacterial agents were initiated in almost all patients because of the initial suspicion of community-acquired bacterial pneumonia. However, actual bacterial lung infection was typically documented later in the course of critical illness. In addition, approximately one-third of patients in our cohort required advanced ventilatory support and rescue therapies for profound hypoxemic respiratory failure, including high levels of inspired oxygen and PEEP, pressure control, and airway pressure release ventilation, high-frequency oscillatory ventilation, prone positioning ventilation, neuromuscular blockade, inhaled nitric oxide, and extracorporeal membrane oxygenation. The fact that severe illness arises in a young, previously healthy population with a high probability of survival given the availability of appropriate resources has important societal implications.
In Winnipeg, Manitoba, Canada, site of the largest pandemic cohort of patients, the capacity for the care of critically ill patients was seriously challenged at the outbreak peak in June (Figure 1 ) with full occupancy of all regional ICU beds, similar to the 2002 Toronto, Ontario, Canada, experience with severe acute respiratory syndrome. 43 If, as expected, the prevalence of 2009 influenza A(H1N1) infection increases with the upcoming flu season, there will be an acutely increased demand for ICU care, including the need for rescue therapies that are not currently widely available. [44] [45] [46] Clinicians and policy makers will need to examine feasible methods to optimally expand and deploy ICU resources to meet this need.
This study has a number of strengths. It represents the largest series of patients with severe 2009 influenza A(H1N1) infection yet described, and includes both adults and children from geographically and racially diverse settings across Canada, which improves the generalizability of our results to other regions. These observations of the epidemiological risk factors, typical clinical features, response to therapy, and prognosis should aid in the recognition, diagnosis, and clinical management of such infections. Our finding that patients can often be supported through 2009 influenza A(H1N1) infection-related critical illness with prolonged, aggressive life support, and the expectation that the number of cases will likely increase substantially over the next 6 months, highlight important potential limitations in critical care capacity.
This study also has limitations. Our focus on severe disease requiring ICU admission may not reflect important presenting features in less severe cases. The ongoing deaths throughout the course of the study period suggest the possibility of late deaths after the observation period. This may result in a final hospital mortality rate that exceeds the mortality rate we are reporting. Although we describe cases in most regions of Canada, many were from an outbreak in a single province (Manitoba) and involved an aboriginal Canadian population near Winnipeg, which is Manitoba's largest city. This may lead to overrepresentation or underrepresentation of certain comorbidities and clinical features.
In conclusion, we have demonstrated that 2009 influenza A(H1N1) infection-related critical illness predominantly affects young patients with few major comorbidities and is associated with severe hypoxemic respiratory failure, often requiring prolonged mechanical ventilation and rescue therapies. With such therapy, we found that most patients can be supported through their critical illness.
